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An a^e sensor inCudes a lateral ^^^X^^^ KSSSKf^ 
which is dependent on the angular pos ^"Jjj a magneU4) wh ch also produces an axial 
rotation (5). The lateral magnetic field (8) is ^^^^"SiS^teristlc only over an angular 
magnetic field CJ^nrfc tok. ^^S^^^SS^^iditlJlo the field sensor 
range of up to at most 1 80 DEG Accoroing to ™ mv . d t _ mjnes the direction of an axial 
element (1) there is also provided a measuring elemen (2) wNch de JJJJJJJ e)ement (2) An 
magnetic field (7) also produced by magnet W^^jf *^f a 7^ e 0 n of the target object (6) from the 
evaluation circuit (9) is thereby d^i» ^a^jj^^ 9^ j (UR) 

sensor signal (US) produced by the magnetic ; field s J ns °7 e e e m m ^ a ^ on can be performed over an 
produced by the additional measunng element (2), which determination oci H 
angular range exceeding 180 DEG . 
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Description 



BACKGROUND OF THE INVENTION 
1 Field of the Invention 

axis of rotation relative to the angle sensor and is provided wrth a magnet. 

2. Description of Related Art 

An angle sensor of this kind is known from , U.S. Pat 

Therein, the magnetic field sensor element consists ; of *vo sensor units wn.cn mea 
manner and are arranged with an angular ^S^S^SdSS^^ a measuring bridge, 
consisting of four magnetores.st.ve elements which ^" n JJJ»J ,„ „ laBon to angular position) in an 
The known angle sensor has a hnear ^ ara ^^f 0 ( " n ^!? h n a n '{m DEG The characteristic is 
angle measuring range which, however, amounts to "°^ e * a ^X5c means, a periodic repetition 
constant outside the angle measunng rang* ^ •^^ 0 e, ^, c n 2S lar , kn S WI , angle sensors. 

DEG , however, is not possible using the known angle sensors. 
SUMMARY OF THE INVENTION 
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Therefore it is an object of the invention to construct an angle sensor of the kind set .forth iin such a 
manS'at unambiguous angular position determination is possible over a larger angle measunng 
range. 

This object is achieved according to the invention in that there are provided a measuring element for 
JTodudn f* dirSn signal which is dependent on the direction ^^SS^^Z^JSSdt 
measuring element, and an evaluation circuit for determimng the angular pos.t.on of the target object 
from the sensor signal and the direction signal. 

far£? angle measuring range than in the known angle sensors. When .deal components are used 
mSfhiJS ideal measurina element enabling determination of the direction of the magnetic field in any 
angular posK Tn uSStaJkS ™ EVnsffional range in which unambiguous direction determ.nat.or , is 
nSf possSe the angular position can be determined over the entire angle measunng range of 360 
DEG . 

An embodiment of the invention has a high measuring sensitivity and a magnetic field sensor element 
with a linear characteristic over a given angle measuring range. 

A further embodiment preferably utilizes a Hall element, notably a Hall element acting as a switch 
fswite HaTlenSor) which provides the direction signal exclusively in the form of «^rmrton whether 
traversing magnetic field extends in a first direction, or in the opposite .director i or whether the 
travSnTmaqneto field has an essential magnetic field component in a first direction or in the 
SS^dSSSfJlSl use of such a Hall element is particularly attractive since the evaluation of the 
direction signal is then very simple. 

in another embodiment the arrangement of the measuring element is ^^^S^^ 
direction of the magnetic field can then be determined in the simplest manner. A Hall element is a 
particularly suitable measuring element for use in such an embodiment. 

Another embodiment notably has a space-saving and cost-saving effect. The measuring element and 
the evaluation circuit in particular are constructed as a common semiconductor component. The 
E? ea 7aton , of the magnetic field sensor element in the common component would also be feasible, but 
SXSSS£^rSlSS^ he axis of rotation of the measuring object whereas the ^measuring i element 
and the elation circuit are preferably arranged adjacent the axis of rotation and hence at a distance 
from the magnetic field sensor element. 

Another embodiment enables unambiguous determination of angular P^^*"^^JJJ , a to 
measurina ranae of up to 360 DEG , even when the measunng elements are not ideal and have a 
^SSSSSiSSSSSi unambiguous determination of the direction of the magnetic field is not 
oosSb le ^ PrXaWy the measuring elements are arranged on different radial lines which start from the 
LTd^Ufe^M always at last one measuring element enables "^mbjguous determinat, on of 
the direction of the magnetic field. All measuring elements can also be arranged on the common 
semiconductor component, together with the evaluation circuit. 

The invention also relates to a position sensor, notably a steering angle sensor for measuring the 
Jeering angte o? the steering wheel in a vehicle, or a position sensor for 

of the cam shaft or an associated auxiliary shaft in/on a vehicle engine in order to achieve (vanab e) 
va v f SSS I using an angle sensor according to the invention, as well as to a vehicle in which such a 
Dositio flerooMs included. The angle sensor according to the invention can also be used for 
detaining the angular position of the shaft of an electric motor, a turbine, a generator or a wind rose, 
sTo^S wnere?e angular positions of between 0 DEG and 360 DEG need be determined If, for 
examprJ, forThe determination of the angular position of a steering wheel it is also necessary r to 
Srine the angular position in an even larger angular range, further means should be provided 
which determine and store, for example the number of revolutions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in detail hereinafter with reference to the drawings. Therein: 
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FIG. 1 shows diagrammatically an angle sensor according to the invention for determining an angular 
position, 

FIG. 2 is a plan view of the arrangement of the individual elements of the angle sensor, 

FIG. 3 is a detailed representation of an MR sensor used as a magnetic field sensor element, 

FIG. 4 shows various signals relating to the angle sensor according to the invention, and 

FIG. 5 shows the arrangement of the individual elements in an angle sensor comprising two measuring 
elements. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG 1 shows an angle sensor according to the invention which includes a magnetic field sensor 
element 1 ^measuring element 2 and an evaluation circuit 9, sa.d elements being ar ranged I on a 
o rinTe I circuit board 3 The magnetic field sensor element 1 is arranged very close to a magnet 4 which 
KSv connected via a shaft 14, to a target object 6, for example a steenng wheel of a vehicle The 
magnet 4 being cons nicted as a flat, round disc, is rotational* symmetrically arranged relative to the 
Zte of rotation! around which the target object 6 can be rotated, ^e angle sensor is mtendec to 
determine the angular position .alpha, of the target object 6 at any instant To this end, the ^magnetic 
Sl dSnsor e, em 9 ent 1, formed by a magnetoresistive sensor ^R sensor) ^ P™^^» 
arranoed at a small axial distance from the magnet 4 and on the axis of rotation 5 in such a lateral 
SfMJSgS field sensor element 1 is traversed by a magnetic flux 8 of the magnetic field 
aenera ed by thJ Magnet 4 essentially in the direction perpendicular to the axis of rotation 5 The 
mTanetoTesTstive elements of the magnetic field sensor element 1 are sensitive to the lateral magnetic 
fi m eld 'SESSto a dSn perpendicular to the axis of rotation 5. The magnitude of the sensor signal 
Us produced by the MR sensor 1 then varies as a function of the angle .alpha.. 

However the maqnetic field sensor element 1 alone is not capable of unambiguously determining the 
Sar positioTalpha from 0 DEG to 360 DEG , because the characteristic thereof is unambiguous 
on?v or rmeasunTrange of 1 80 DEG . Therefore, according to the invention the measuring element 
2 beina a Hall SenTto tois case, is arranged so as to be laterally offset adjacent the magnetic field 
Sensor Verne* To that it is trave sed by the magnetic flux 7, extending essentially parallel to the axis 
33S5ta?5rf^^^lWd generated by the magnet 4. The measuring element 2 is arranged in 
such a manner that it i? sensitive to a magnetic field extending in the axial direction and it supplies a 
direction signal UR whk in simplest case, contains only the information whether the jpambc flux 7 
traversing it is directed away from the target object 6 (so downwards as shown in the Figure) or 
towards the target object 6 (upwards in the Figure, in another angular position alpha not own n 
wWch the south pole S of the magnet 4) neighbors the measuring element 2 instead of its north pole). 

FIG 2 shows the arrangement of the elements of the angle sensor in a plan view. For the sake of 
cLrity, toe direction of the lateral flux 8 traversing the magnetic field ^J^^^S^St' 
the dashed lines representing the direction of this magnetic field for a drffe en angular P^ rt '° n - Jpha.. 
The direction of the axial magnetic flux 7 traversing the measuring element 2 is also indicated. The 
measuring etement 2 and thl evaluation circuit 9 are constructed as a common semiconductor 
component 10 so as to save space. 

FIG 3 shows a part of an embodiment of the MR sensor 1 used as the magnetic field sensor element 
U includSo measuring bridges 11,12, each of which consists of four magnetoresistive elements ; 13. 
heSduTm^gretoresistivlelem^te 13 of a measuring bridge 11, 12 always ^«^^S, 
anq e of 90 DEG relative to one another. As is shown, the two measuring bndges 11, 12 are -P^raMy 
arranged I so as to be rotated 45 DEG relative to one another. The MR sensor 1 shown .s sensitive to a 
maqnetic field extending in the plane of the drawing, for example to a magnetic field 8, and .s arranged 
K such a manner that the axis of rotation 5 (see FIG. 1) extends perpendicularly to the 
drawing and through the center of the MR sensor 1 . Each of the two measunng bndges 1 11 \ 12 has a 
nasSve sine-shaped periodic characteristic. The characteristics are converted into a charactenstic 
whTcMs linear in an angle range of up to at the most 1 80 DEG by means of appropnate switching 
meaJ ^ (not s^ own). Thi elements 13of the measuring bridge 11, 12 can also be nestec hnto one 
another as shown in U.S. Pat. No. 5,602,471 . Reference is made to the cited state of the art for a 
description of the operation of such an MR sensor. 

FIG 4 shows various signal waveforms in dependence on the angular position alpha, so f s to illustrate 
the operating principle of the angle sensor. The first line shows the vanation of the magnetic flux B 
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traversing the Hall element 2. For .alpha.=90 DEG , the north pole of the magnet 4 is nearest to the Hall 
element 2 (this is the situation shown in FIG. 1) and the magnetic flux B exhibits a maximum. 

The second line shows the variation of the direction signal UR of an ideal Hall element Z The > dlredlMi 
signal UR exhibits a voltage transient at the zero crossings of the magnetic flux B > so .that the direction 
signal UR contains the information concerning the direction of the magnetic field at the Hall element 2. 

The direction signal UR of a real Hall element, however, varies as shown on the third line, this variation 
involves transitional zones 15 in an angular range around the zero crossings of the magnetic flux, 
unambiguous determination of the direction of the magnetic field at the Hall element 2 not being 
possibllin such transitional zones. The width of such a transitional zone 15 vanes as , a Junction .off the 
strength of the magnetic field of the magnet 4, of the distance between the Hall element 2 and the 
magne 1 4 and of the type of Hall element 2. It may be that the vortage transient occurs by chance in an 
arbitrary angular position .alpha, within the transitional zone 15, or that the measuring voltage 
continuously increases or decreases, so that no unambiguous variation of the direction signal UR can 
be determined in the transitional zone 15. 

The fourth line shows the variation of the sensor signal US of an MR sensor 1 . This characteristic is 
repeated with a period of .alpha.=1 80 DEG . It is desired to enable an angle measunng range of at 
eS 270 DEG to be covered by means of such an MR senor element 1 and a single (real) Hall element 
2 To do so Hall element 2, whose transitional zone 15 must then be .ltoreq.90 DEG , is arranged in 
such a manner that the transitional zones 1 5 of the direction signal are situated in an angular range of 
the desired angle measuring range of 270 DEG in which the characteristic (the sensor signal US) is 
unambiguous so in the range between .a.pha.=90 DEG and ; alpha.=180 DEG . Thus in this > angle 
range the direction signal UR2 is not required; the direction signal UR2 is required only m the angle 
ranges belween 0 DEG and 90 DEG (where the Hall element 2 does not supply a signal) and between 
180 DEG and 270 DEG (where the Hall element 2 supplies a signal) in order to decide in which angle 
range a measured sensor signal US is situated. This is realized by means of the evaluation circuit 
which receives the measured sensor signal US and the direction signal UR2 : 
for UR2 =0 and Us For UR2 .noteq.O and Us UsO it holds that (UR2 not required): 90 
DEG .ltoreq..alpha..ltoreq.180 DEG . 

In order to achieve the described situation of the transitional zones 15 as required for this embodiment, 
the Hall element 2 is arranged in a different position, that is to say on a radial line which starts from the 
axis of rotation 5 at .alpha.=45 DEG On FIG. 1 the Hall element 2 is situated on a radial line 
at alpha =90 DEG ) Such an arrangement thus enables unambiguous angular position determination 
between 0 DEG and 270 DEG . In order to ensure that the target object cannot reach an angular 
position beyond that value, for example a mechanical stop may be provided. 

If the angle measuring range is to be extended further, possibly to 360 DEG , either a measuring 
element 2 having smaller transitional zones 1 5 must be used or an additional, second measunng 
element (for example, a second Hall element) is used. Such an arrangement is shown in FIG. 5. Two 
Hall elements 21 , 22 are then accommodated, together with the evaluation circuit 9, on the 
semiconductor component 10, their radial position having been shifted through the angle gamma., i.e. 
the first Hall element 21 is arranged on a first radial line 1 8 and the second Hall element 22 on a 
second radial line 1 9. The last two lines of FIG. 4 show the associated variations of the direction signals 
UR21 and UR22 Because the Hall elements 21, 22 are arranged on different radial lines 18, 19, tneir 
transitional zones 1 6, 1 7 will be situated so as to be offset by the angle .gamma, relative to one 
another. The angle .gamma, should be chosen so that the transitional zones 16 and 17 do not over lap 
in any zone of the angle .alpha.. It is thus achieved that always at least one direction signal Ur21 , Ur22 
will have an unambiguous value and hence enables unambiguous determination of the charactenstic 
range in which a measured sensor signal Us is situated. For the signal variations shown for example 
the direction signal UR21 for .alpha.=0 DEG to 90 DEG and .alpha.=180 DEG to 270 DEG is .used for 
the decision, whereas for the remaining angle ranges the direction signal UR22, is used to determine 
the characteristic range. This is again performed in the evaluation circuit which receives said signate: 
for UR21 =0 and Us For UR21 .noteq.O and Us UsO it holds that. 270 DEG .ltoreq..alpha..ltoreq.360 
DEG 

For UR22 .noteq.O and US >Us0 it holds that: 90 DEG .ltoreq..alpha..ltoreq.180 DEG . 

Preferably qamma.=90 DEG is chosen, because in such an arrangement the distance between the 
transitional zones 16 and 17 is maximum. The Hall elements 21 , 22, moreover, are preferably arranged 
so as to be offset 45 DEG with respect to the position shown in FIG. 1 (for example, the HaH element 
21 on a radial line at .alpha.=135 DEG and the Hall element 22 on a radial line at .alpha.=45 DEG ) and 
preferably are constructed so as to be identical. 
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direction of the magnetic field at the relevant area. 
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Claims 



What is claimed is: 




Oi) an evaluation circuit (9) for determining said angular position (.alpha.) of the target object (6) 
on the sensor signal (US) and the direction signal (UR). 



connected so as to form one or more measuring bridges (1 1,12). 

3 An angle sensor as claimed in claim 1 , wherein the magnetic field sensor element (1) has two 
measuring bridges (11,12) oriented at an angle of 45 DEG relative to one another. 

4. An angle sensor as claimed in claim 1 , wherein the measuring element (2) is a Hall effect device 

5. An angle sensor as claimed in claim 1 , wherein the measuring element (2) and the evaluation ci 
(9) constitute a single component (10). 

6 An angle sensor as claimed in claim 1, further comprising at least one further measuring elemer 
(22) which is displaced from said axis and produces at least one further direction signal (UR22) 
indicative of the direction of said axial component (7) of the magnetic field traversing said further 
measuring element (22). 

7 An angle sensor as claimed in claim 6, wherein the measuring elements (21 , 22) are ajran9 ed c 
different radial lines (1 8, 1 9) which start from the axis of rotation (5) of the target object (6) and are 
offset 90 DEG relative to one another. 

8 An angle sensor as claimed in claim 1 , wherein the evaluation circuit (9) determines an angular 
range in which the measured sensor signal (US) is situated on the basis of the direction signal (UF 
and subsequently determines the angular position (.alpha.) in said angular range on the basis of tl 
sensor signal (Us). 




netic field sensor element (1) is a 
of magnetoresistive elements (1 3) which are 
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ffiWjSttWficisaixttiiij^Lr^ffijm-^u, <o-m)&. 
[0 02 0 1^4 ©bum r * > 1 ©■& >v 

U 5 ©K<fc*^T. C©»tttt, a=18 0° ©jem-c 

i£9ii3ft£„ c©j:^ttMR*-?iacxi»D (Hie 

©) *-;l/*-?-2fcJ:0. 4>ft 2 7 0° ©#£$J 

9 0' "C**^-JHR J F-2«r, *fil(i#©a»W»15^ 40 

§f^0 2 7 0* ©fttt«5£|BH©ftSI5H , t 1 «ctlia-r& 
U s ) tt— «WT*»>, gfoTa = 9 0- ia=180 

0 £©ia©«Htc*fc»T-»wr*s. fi^r. com 
n/c-bv-^-fl^u, ^B**fttt«H*ifc5rr*fc 

aMC a = 0° ia = 90' £ ©Pifl©;3K®K (C©« 
Brtt#-Jl/iR*2#S^£^T*> *c*j^r©*. 
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xmmztiz : u.^oatfu. <u„©»£, o* < 

a<90* U.^OSO'U, <U,.©ftte, 1 

80' ^a^2 70 # T'£>6 e U s >U 10 ©J»£* (U 
9 0' Sa< 1 8 0° r&£„ 

[0021] c©s6jn««:-3i*rjfiW4sn4a»»^ 

*©fiHB/lW&. a = 4 5" r0KW5^5te*5*S 
«±©B*©ttKK:ieB3ft* (Bl'Ctt*-/V* : f2 

#a = 9 0* r*ffiB±ccffiKurt^) . Bo-c c 

©J:5fcl2®KJ:9 v 0* £27 0" <h©R8-C-atf)CC 

# c ©ffijew©flstfitscca-r a c t <t 5 ocr a 

[002 2] filSS"J^«SH^«it«3 6 0 ' fcMCCHfc* 
T^^te, «fc "3^3 l^S3i5^15^r^o«rJ^T2 % 

ZWS-rZ. CO<k5ttHi3M5 

fi©*-Jl>S^2:u 22*sfFfflfi@88 9 i*(CjRSSnrc> 

& i *-jux?2ii** i ©^swiBLhccieBsn, » 2 

[0 02 3] H4©«a©2*©««, Wi^UmS 

%^atti8 k i9±tcffiB$iiri^©r 4 ^n6©a« 

§15^16. ^ifiStcftflCr/f^m^Jr^tcfflB-rs. 

<Wtb. ft«a©i*m©ap»(c*5^rfcjBi»«»i6 
u H „ , u.„ ifi--mif&z&%tt-?*W*Q* 

tt, W^-Ci, ot= 0* -9 0' R^a= 180' -2 7 

0' ^coc^t, ^r6ifi^u Bll ^ft^©fca>«c«ffl* 
ft, ftfcfr. flS©«tt«B«:^ViT, #WM»-*U.,. 

-S : U H „ =0a2/Us <Usp©*©^ i8 0*-£a£ 
2 7 0* -C^-So U RJ1 ^OR^Us <U 0 

• ^a^90" U RJ2 = 0SO'U s >U 50 ©ii 
^ 27 0' -C*>^>„ U R „ 

s >U S „©*©£, 9 0* ^^180* T*^> w 
[0 024] »»8R»i6ii7i©B«l^ft*:«:«fc*ieB 

^-^^21, 22». Hl«:Hm3hfcttB(c»ir4 
5' -ftitc&m («it«, ^-Jl/*T-21*a= 1 3 5° 
©#^K±tc. *--rt/JR^-22*o = 4 5' ©¥S^Jb 

[0 02 5] j(/jR?Ccft*T > W3SR^4««"&« 

m©*ioi*-a^c^3£-r^c<b^"ct^fl6©a'j3t« 
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[Bi ] 3*^Kj:aftaEfiM*ttK-r*)it«e>©»Hr-fe 
[B2] ftit-fevif-offl^os^oias^rvffiB 

[04] *«9JK: J: &fttt-b>-^-CcWr 

[B5] 2m<Dffi£M**:&*.ZP*X*>y-<Dte«V> 
SR^Ea^-TB-CAS. * 

[HI] 
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1 «»-fe 

2 a'fi£S^ 

3 ^U>hBIHB 

4 ~?#*?h 

5 BKN 
6 

7, 8 MM 
9 fpfliHB 

10 io *m¥mmv& 

IK 12 WM.-? U v %> 

13 mmmm* 

14 ^t7l- 

is, i6. it mmm 

18,19 

2 1,22 ♦-A** 
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U R (ideal) 
U R (red) 
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